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This is a continuation-in-part of Application S.N. 976,878 filed November 16. 1992. 
FIELD OF THE INVENTION 

5 The present invention is directed to a pressure swing adsorption process for the separation of a more 
strongly adsorbable component from a less strongly adsorbable component in a gas mixture wrth high 
recovery of the less strongly adsorbable component at approximately feed pressure. More specrfically, the 
present invention is a vacuum swing adsorption process for the separation of air to recover oxygen as a 
relatively unadsorbed product at high recovery and approximately feed pressure using cocurrent depres- 

,o surization to provide purge gas followed by pressure equalization and mixed repressurization. 

BACKGROUND OF THE PRIOR ART 

Oxygen is a commodity chemical in the industrial gas industry. It has numerous applications including 
,s waste water treatment, glass melting furnaces, and the steel industry. One of the most common methods o 
oxygen production is by cryogenic distillation of air. However, this technology is not compet.tive for small 
size oxygen plants (<100 TPD Oz). The technology of choice for this size range is adsorption. There .s a 
need in the marketplace to produce oxygen at low capital and energy costs by adsorptjve gas separation. 
Adsorptive processes are extensively used in the industry to produce oxygen from air for small size 
20 oxvaen plants (<100 TPD O2). There are two major categories of these processes - pressure sw.ng 
adsorption processes (PSA) and vacuum swing adsorption processes (VSA). The pressure swing adsorption 
processes carry out the adsorption (feed) step at pressures much higher than ambient and adsorbent 
Tegeneration at pressures close to ambient. The adsoitent beds go through secondary process steps such 
as pressure equalizations, depressurizations. blowdowns. and purge or various combinations of 1 ^«*e during 
25 the cycle Some of the Os-PSA processes are described in U.S. Patents 3.430.418; 3.636,679; 3.717.974; 
3.738V; 4.326,858; 4.329.158; 4,589.888; 4,650.501; 4.948.391; 4,969.935; 4.981.499; and U.K. Patent GB 
2 227 685A 

' These processes tend to be energy intensive and more suitable for smaller oxygen plants producing 
less than 40 tons of oxygen per day and preferably less than 20 tons of oxygen per day. A subset of O* 

30 PSA processes is a rapid pressure swing adsorption (RPSA) process. As the name implies, this process 
involves similar steps as a PSA process, but carries out these steps very quickly. Some examples of this 
process are U.S. Patents 4,194,892 and 4.406.675. Again, this process tends to be energy intensive and 
suitable for oxygen plants even smaller than O2 PSA's. 

Primary reasons for high energy consumption in PSA processes are: (1) O2 recovery from these 

35 processes is low, and (2) the entire feed stream has to be compressed up to the adsorption pressure. 
These inefficiencies are somewhat circumvented in vacuum swing adsorption (VSA) processes. In these 
processes adsorption is carried out at pressure close to ambient and adsorbent regeneration is carried ou 
at sub-atmospheric levels. The adsorbent beds go through several secondary steps with the pnmary aim of 
increasing oxygen recovery and reducing adsorbent inventory per unit of product gas. 

40 US Patent 3 957.463 describes an O2 VSA process comprised of the steps of: adsorption, evacuation 
and product repressurization. The process consists of two trains of two adsorbent beds in each train. The 
beds on the feed end of each train remove water and carbon dioxide from air, and the beds on the product 
end of each train remove nitrogen from air. Oxygen produced from the process is stored for later use as 
product and repressurization gas in a tank. 

45 GB Patent 1 559.325 describes several two and three bed O2 VSA processes. The two bed Ch VSA 
processes have the steps: adsorption, evacuation, and product repressurization with the addition of purging 
the bed during evacuation and repressurizing it after evacuation with gas being continuously produced by 
the bed on adsorption step. The three bed options have similar steps with the addition that all the effluent 
oas from a bed toward the end of its adsorption step is fed to the bed which has finished product 

so repressurization and is ready to go on to the air feed step. Effluent from the second bed is also withdrawn 
as oxygen product. A vacuum pump operates continuously in the three bed options, and the product take 
off is also continuous. GB Patent 1,594,454 describes the control strategy for <h VSA process disclosed in 
GB Patent 1.559.325. 

Japanese patent application 59-255060 (255.060/84) describes a four bed O2 VSA process wrth the 
55 process steps: adsorption, cocurrent depressurization. evacuation, vacuum purge, pressure equalization, 
and product repressurization. In this process, the gas obtained during the cocurrent depressurization step .s 
used for the pressure equalization steps and then vacuum purge. 
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UK. Patent application GB 2.154.895A describes three bed 02 VSA processes with process steps: 
adsorption, cocurrent depressurization, evacuation, vacuum purge, pressure equalization(s), and simulta- 
neous feed repressurization with product end to product end pressure equalization. The cocurrent depres- 
surized gas is used for pressure equalization(s) and vacuum purge. 

5 Japanese patent application 1984-[Showa 59] -35.141 describes a three bed O2 VSA process with these 
steps: adsorption, evacuation with continuous purge, and repressurization. In this process, vacuum purge 
and repressurization are carried out by product oxygen. 

U.K. Patent GB 2.109.266B describes three and four bed O2 VSA processes comprised of steps: 
adsorption, provide purge gas, evacuation, vacuum purge, and product repressurization steps. The purge 

to gas used for vacuum purge step is provided either by cocurrent depressurization of the bed, which has 
finished its adsorption step, or by continuing the feed to the bed on its adsorption step but directing all the 
effluent from this bed to the bed on a vacuum purge step. 

U S. Patent 3.986,849 describes a hydrogen PSA process using two to three pressure equalization 
steps prior to depressurization to provide purge in a process having multiple beds on overlapping 

75 adsorption steps. 

U.S. Patent 4,614,525 suggests an improvement to O2 VSA processes by heating the feed mixture by 
heat exchange with the vacuum pump. 

U.S. Patent 4,684,377 outlines a three bed O2 VSA process with steps: adsorption, simultaneous 
cocurrent depressurization and evacuation, evacuation, product end to product end pressure equalization by 
20 gas from the product end of the bed on simultaneous cocurrent depressurization, and evacuation step and 
product repressurization. 

U.S. Patent 4,756,723 describes an adsorptive process for oxygen production where adsorption is 
carried out at superambient pressure. This is followed by countercurrent depressurization, evacuation and 
product repressurization to adsorption pressure. Part of the gas discharged during the countercurrent 
25 depressurization step may also be used for pressure equalization with a bed before the product repres- 
surization step. 

U.S. Patent 4,917,710 describes a two bed O2 VSA process with a product storage vessel. Process 
cycle steps are: adsorption, cocurrent depressurization, simultaneous cocurrent depressurization and 
evacuation, evacuation, vacuum purge by product, vacuum purge by gas obtained in a cocurrent depres- 
30 surization step, simultaneous pressure equalization and product repressurization, and simultaneous feed and 
product repressurization. Gas for product repressurization and product purge is obtained from the product 
storage vessel. Gas for pressure equalization is obtained from the bed on simultaneous cocurrent 
depressurization and evacuation step. 

U.S. Patent 4,781,735 and European patent application 0 273 723 describe a three bed O2 VSA process 
35 with steps: adsorption, feed to feed or dual end pressure equalization, cocurrent depressurization, evacu- 
ation, vacuum purge by gas obtained in cocurrent depressurization step, product repressurization from bed 
on feed step, simultaneous feed repressurization and feed to feed or dual end pressure equalization. 

European patent application 0 354 259 outlines various options for a two bed O2 VSA process: 
adsorption, cocurrent depressurization, evacuation, pressure equalization with gas obtained in cocurrent 
40 depressurization step and feed repressurization. Some options include vacuum purge by product gas from 
the bed on adsorption step. 

U.S. Patent 4,969,935 describes a three bed O2 VSA process with steps: adsorption, simultaneous 
cocurrent depressurization and countercurrent evacuation, countercurrent evacuation, vacuum purge by 
product, product end to product end pressure equalization followed by product end to feed end pressure 
45 equalization using cocurrently depressurized gas and product repressurization. 

U.S. Patent 5,015.271 describes an O2 VSA process with the steps: adsorption, simultaneous cocurrent 
depressurization and countercurrent evacuation or feed, countercurrent evacuation, simultaneous product to 
product pressure equalization and feed repressurization, or vacuum purge, simultaneous feed and product 
repressurization and feed repressurization. 
so French Patent W091/12874; PCT/FR91/00164 describes a two bed O2 VSA process with basic process 
steps of adsorption, depressurization, evacuation, vacuum purge by product, pressure equalization and 
repressurization. Three variations are outlined. 

European Patent 0 449 448 A1 outlines a two bed process with steps: adsorption, simultaneous 
evacuation and cocurrent depressurization. evacuation, product purge under vacuum, pressure equalization 
55 and product repressurization. 

Despite the prior art, a need still exists for an O2 VSA process with higher oxygen recovery (i.e. lower 
energy costs) and lower adsorbent requirement per unit of oxygen production (i.e. lower capital costs) than 
the current processes. The present invention outlines a three bed vacuum swing adsorption (VSA) process 
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to produce oxygen from air at higher oxygen recovery and lower adsorbent requirement per unit of oxygen 
product than current O2 VSA processes. 

BRIEF SUMMARY OF THE INVENTION 

5 

The present invention is a process for selectively separating a more strongly adsorbabte component 
from a less strongly adsorbable component of a feed gas mixture in a plurality of adsorption beds 
containing an adsorbent selective for the more strongly adsorbable component, comprising the steps of: 
(a) introducing a feed gas mixture at high pressure containing the more strongly adsorbable component 
70 and the less strongly adsorbable component into an inlet of a first adsorption bed containing the 
adsorbent selective for the more strongly adsorbable component and adsorbing the more strongly 
adsorbable component on the adsorbent while the less strongly adsorbable component passes through 
the first bed unadsorbed until the adsorption front of the more strongly adsorbable component ap- 
proaches an outlet of the first bed and terminating the introduction of the feed gas mixture; 
75 (b) following the termination of the introduction of the feed gas mixture into the first bed and without any 
intervening steps, cocurrently depressurizing the first bed to a lower pressure to remove the gas mixture 
from the first bed and passing the gas mixture to an outlet of another bed of the plurality of adsorption 
beds at lower pressure to countercurrently purge the more strongly adsorbable component from the 
other bed; 

20 (c) countercurrently evacuating the first bed under vacuum conditions to further remove the more 
strongly adsorbable component at the lowest pressure; 

(d) countercurrently purging the first bed with cocurrently depressurizing gas mixture from another bed 
of the plurality of adsorption beds undergoing step (b) to remove additional more strongly adsorbable 
component from the first bed; 
25 (e) repressurizing the first bed with less strongly adsorbable component from another bed of the plurality 
of adsorption beds currently undergoing step (a) and with feed gas mixture; and 
(f) performing steps (a) through (e) in each of the plurality of adsorption beds in a phased sequence. 
Preferably, the bed is repressurized initially with feed gas mixture and then with said less strongly 
adsorbable component. 

30 Preferably, the bed is repressurized with ambient pressure feed gas mixture and high pressure feed 
gas mixture. 

Preferably, the bed is repressurized with ambient pressure feed gas mixture and then with the less 
strongly adsorbable component. 

Preferably, the bed is repressurized initially with ambient pressure feed gas mixture, then with high 
35 pressure feed gas mixture and finally with less strongly adsorbable component. 

Most preferably, the bed is repressurized initially with less strongly adsorbable component and then 
with feed gas mixture. 

Preferably, the bed is repressurized initially with said less strongly adsorbable component then with 
ambient pressure feed gas mixture. 
40 Preferably, the bed is repressurized initially with said less strongly adsorbable component then with 
ambient pressure feed gas mixture and then with high pressure feed gas mixture. 

Further alternatively, the bed is repressurized with less strongly adsorbable component and feed gas 
mixture simultaneously. 

Further alternatively, the bed is repressurized with less strongly adsorbable component and ambient 
45 pressure feed gas mixture simultaneously. 

Alternatively, the process is carried out in at least four beds and at least two beds are simultaneously in 
a portion of step(a). 

Further alternatively, the bed is repressurized with less strongly adsorbable component and high 
pressure feed gas mixture simultaneously. 
50 Preferably, the feed gas mixture is air, the more strongly adsorbable component is nitrogen and the 
less strongly adsorbable component is oxygen. 

Preferably, a bed finishing cocurrent depressurization is then further cocurrently depressurized to 
pressure equalize with another bed of the plurality of adsorption beds finishing countercurrent purge. 

The present invention is also a process for selectively separating a more strongly adsorbable 
55 component from a less strongly adsorbable component of a feed gas mixture in a plurality of adsorption 
beds containing an adsorbent selective for the more strongly adsorbable component, comprising the steps 
of: 
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(a) introducing a feed gas mixture at high pressure containing the more strongly adsorbable component 
and the less strongly adsorbable component into an inlet of a first adsorption bed containing an 
adsorbent selective for the more strongly adsorbable component and adsorbing the more strongly 
adsorbable component on the adsorbent while the less strongly adsorbable component passes through 

5 the first bed unadsorbed until the adsorption front of the more strongly adsorbable component ap- 
proaches an outlet of the first bed and terminating the introduction of the feed gas mixture; 

(b) following the termination of the introduction of the feed gas mixture into the first bed and without any 
intervening steps, cocurrently depressurizing the first bed to a lower pressure to remove the gas mixture 
from the first bed and passing the gas mixture to an outlet of a second bed of the plurality of adsorption 

w beds at lower pressure to countercurrently purge the more strongly adsorbable component from the 
second bed; 

(c) cocurrently depressurizing the first bed to further remove the gas mixture from the first bed and to 
pressure equalize the first bed with another bed of the plurality of adsorption beds finishing countercur- 
rent purge of step (e); 

75 (d) countercurrently evacuating the first bed under vacuum conditions to further remove the more 
strongly adsorbable component at a lowest pressure; 

(e) countercurrently purging the first bed with cocurrently depressurizing gas mixture from another bed of 
the plurality of adsorption beds undergoing step (b) to remove additional more strongly adsorbable 
component from the first bed; 
20 (f) countercurrently pressure equalizing the first bed with another bed of the plurality of adsorption beds 
at higher pressure undergoing the cocurrent depressurization of step (c); 

(g) repressurizing the first bed with less strongly adsorbable component from another bed of the plurality 
of adsorption beds currently undergoing step (a) and with feed gas mixture at the high pressure; and 

(h) performing steps (a) through (g) in each of the plurality of adsorption beds in a phased sequence. 

25 Alternatively, during step (c) cocurrent depressurization to pressure equalize with another bed, simulta- 
neously initiating countercurrent evacuation of said first bed. 
Further alternatively, the process is carried out in two beds. 

The present invention is further the process for selectively separating nitrogen from oxygen in air in 
three adsorption beds containing an adsorbent selective for nitrogen, comprising the steps of: 
30 (a) introducing feed air at high pressure into an inlet of a first adsorption bed containing an adsorbent 
selective for nitrogen and adsorbing nitrogen on the adsorbent while oxygen passes through the first bed 
unadsorbed as a product until the adsorption front of nitrogen approaches an outlet of the first bed and 
terminating the introduction of air into the first bed; 

(b) following the termination of the introduction of air into the first bed and without any intervening steps, 
35 cocurrently depressurizing the first bed to remove void space gas and nitrogen from the first bed and 

passing the void space gas and nitrogen to an outlet of another bed of the three adsorption beds at lower 
pressure to countercurrently purge the nitrogen from the other bed; 

(c) cocurrently depressurizing the first bed to further remove the void space gas and nitrogen from the 
first bed and to pressure equalize the first bed with another bed of the three adsorption beds finishing 

40 the countercurrent purge of step (e); 

(d) countercurrently evacuating the first bed under vacuum conditions to further remove the void space 
gas and nitrogen at a lowest pressure; 

(e) countercurrently purging the first bed with cocurrently depressurizing void space gas and nitrogen 
from another bed of the three adsorption beds undergoing step (b) to remove additional nitrogen from 

45 the first bed; 

(f) countercurrently pressure equalizing the first bed with another bed of the three adsorption beds at 
higher pressure undergoing the cocurrent depressurization of step (c); 

(g) repressurizing the first bed with oxygen from another bed of the three adsorption beds currently 
undergoing step (a) and with feed air at the high pressure; and 

so (h) performing steps (a) through (g) in each of the three adsorption beds in a phased sequence. 

Preferably, the feed air is at a pressure in the range of approximately 14-30 psia. 

More preferably, the feed air is at a pressure in the range of approximately 14-24 psia. 

Alternatively, during step (c) cocurrent depressurization to pressure equalize with another bed, simulta- 
neously initiating countercurrent evacuation of said first bed. 
55 Further alternatively, the process is carried out in two beds. 
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BRIEF DESCRIPTION OF THE DRAWING 

The drawing is a schematic drawing of a preferred embodiment of the present invention using three 
parallel adsorption beds and appropriate valve manifolding for feed, evacuation, purge, equalization and 
5 repressurization. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will now be described with regard to several preferred embodiments with the 
initial embodiment excluding pressure equalization and the second embodiment including pressure equal- 
ization. 

The first embodiment has the following steps: 

1 . Adsorption (A), 

2. Cocurrent depressurization (DP), 
75 3. Countercurrent evacuation (DES), 

4. Countercurrent purge (PU). 

5. Sequential product (PRP) and feed repressurization, or sequential feed and product repressurization, 
or simultaneous product and feed repressurization. Feed repressurization can be further divided into two 
parts, the first being carried out by ambient air (AARP) and the second by high pressure feed (Feed RPy 

20 (15-30 psia). 

A process cycle chart for this option with simultaneous repressurization is outlined in Table 1 . 



25 



30 



35 



A X 



TABU 1 
Three Bed 0 o VSA 



J 


—A 1 


PP 1 


DES I 


PV 


PRP 1 


1 PU 


PRP 




_a 1 


DP 


AARP | FEED RP| 
DES 1 


1 DP 


AARP | FEED RP 
DES 


1 

PU 


PRP 


a 1 




AARP | FEED RP 





A - Adsorption (Feed) 
DP - Cocurrent depressurization 
40 DES - Countercurrent Evacuation 

PU - Countercurrent Vacuum Purge 
PRP - Product Repressurization 
AARP - Ambient Air Repressurization 
Feed RP - High Pressure Feed Repressurization 

45 

Process steps for the first embodiment will now be described in detail: 

1 . Adsorption (A) , which consists of: 

a. Flowing the feed gas stream, consisting of atmospheric air at a pressure of 14.5-30 psia and a 
so temperature of ~0-150°F through a bed packed with one or more adsorbents capable of selectively 

adsorbing water, carbon dioxide, and nitrogen from air. 

b. Withdrawing an effluent stream consisting of O2 product at feed pressure. Part of this stream is 
immediately used as repressurization gas for bed on step 5 and the remainder constitutes oxygen 
product. 

55 c. Continuing steps 1(a) and 1(b) for a predetermined cycle time or until the concentration of nitrogen 

impurity in the effluent stream reaches a preset limit. The bed is now called "spent" because it has 
exhausted its capacity for removing nitrogen from feed gas. 

2. Cocurrent Depressurization Step (DP), which consists of: 
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a. Discontinuing the feed flow through the spent bed and transferring the feed to another VSA bed. 

b. Reducing the pressure in the spent VSA bed from the adsorption pressure level to some 
"intermediate" level (7.7-21 psia) by connecting the product end of this bed with the product end of 
the VSA bed on step 4 of its cycle. 

c. Discontinuing the above step when the pressure in the spent VSA bed has reached the 
predetermined intermediate pressure level. Preferably, the intermediate pressure is close to, but not 
lower than, the average of feed and lowest evacuation pressure reached in the VSA bed at the end of 
step 3 of its cycle. 

3. Countercurrent Evacuation Step (PES) , which consists of: 

a. Further reducing the pressure in the spent bed from intermediate level to the "lowest" level (1.0-10 
psia) by connecting the feed or the feed and the product ends of the spent VSA bed with a vacuum 
pump. 

b. Continuing the above step until the pressure in the VSA bed has reached the predetermined lowest 
pressure level. 

4. Countercurrent Purge Step (PU) , which consists of: 

a. Continue evacuation of the VSA bed from the feed end. 

b. Connect the product end of this bed with another VSA bed on step 2 of its cycle. 

c. Continuing the above steps until pressure in this bed has reached to a "low" level (1 .2-20 psia) and 
pressure in the VSA bed on step 2 has reached the intermediate pressure level. 

5. Repressurization Step , which consists of: 

a. Discontinuing evacuation of the above bed and start evacuating another VSA bed. This bed is now 
called "regenerated" since its capacity for N2, H2O, and CO2 removal from air has been restored. 

A. Simultaneous Product and Ambient Air and/or Feed Repressurization Step (PRP/AARP and/or 
FRP) , which consists of: 

b. Connecting the product end of the regenerated bed with the product end of the bed on step 1 of 
its cycle and opening the feed end of the regenerated bed to ambient air or connecting the feed 
end of the regenerated bed to feed blower. 

or 

Connecting the product end of the regenerated bed with the product end of the bed on step 1 of its 
cycle and opening the feed end of the regenerated bed to ambient air. 

bi Continuing the above step until pressure in the regenerated bed is close to or equal to 
ambient pressure. 

D2 Disconnecting the feed end of the regenerated bed from ambient air and connecting it to 
feed blower. 

c. Continuing the above step until pressure in the regenerated bed is equal to the predetermined 
adsorption pressure. 

OR 

B. Sequential Product and Ambient Air and/or Feed Repressurization Step (PRP/AARP and/or FRP) , 
which consists of: 

b. Connecting the product end of the regenerated bed with the product end of the bed on step 1 of 
its cycle. 

c. Continuing the above step until pressure in the regenerated bed has reached the predetermined 
pressure level, which is lower than the adsorption pressure. 

d. Discontinuing the product repressurization and opening the feed end of the regenerated bed to 
ambient air or connecting it to the feed blower. 

or 

Discontinuing the product repressurization and opening the feed end of the regenerated bed to 
ambient air. 

di Continuing the above step until pressure in the regenerated bed is close to or equal to 
ambient pressure. 

62 Disconnecting the feed end of the regenerated bed from ambient air and connecting it to 
the feed blower. 

e. Continuing the above step until the pressure in the regenerated bed is equal to the predeter- 
mined adsorption pressure. 

OR 

C. Sequential Ambient air and/or Feed and Product Repressurization , which consists of: 

b. Connecting the feed end of the regenerated bed to ambient air or connecting it to the feed 
blower. 
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or Opening the feed end of the regenerated bed to ambient air. 
bi Continuing the above step until pressure in the regenerated bed is close to or equal to 
ambient pressure. 

b2 Disconnecting the feed end of the regenerated bed from ambient air and connecting it to 
the feed blower. 

c. Continuing the above ambient air and/or feed repressurization step until pressure in the 
regenerated bed has reached the predetermined pressure level, which is lower than the adsorption 
pressure. 

d. Discontinuing the ambient air and/or feed repressurization step and connecting the product end 
of the regenerated bed with the product end of the bed on step 1 of its cycle. 

e. Continuing the above step until the pressure in the regenerated bed is equal to the predeter- 
mined adsorption pressure. 

This bed is now ready to undergo a new cycle starting from step 1(a). 
The second embodiment has the following steps: 

1. Adsorption (A), 

2. Cocurrent depressurization to provide purge gas (DP1), 

3. Cocurrent depressurization to provide pressure equalization gas (DP2) and optionally simultaneous 
initiation of countercurrent evacuation, 

4. Countercurrent evacuation (DES), 

5. Countercurrent purge (PU), 

6. Pressure equalization (PE). 

7. Product repressurization (PRP), or sequential product (PRP) and feed repressurization, or sequential 
feed and product repressurization, or simultaneous product and feed repressurization. Feed repres- 
surization can be further divided into two parts, the first being carried out by ambient air (AARP) and the 
second by high pressure feed (Feed RP). 

A process cycle chart for this option with product repressurization is outlined in Table 2. 
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A - Adsorption (Feed) 

DPI - First Cocurrent Depressurization to Provide Purge 

DP2 - Second Cocurrent Depressurization to Provide Pressure Equalization 

and Optionally Simultaneously Countercurrent Evacuation is 

Initiated 
DES - Countercurrent Evacuation 
PU - Countercurrent Vacuum Purge 
PRP - Product Repressurization 

Process steps for the second embodiment will now be described in detail: 
1 . Adsorption Step (A) , which consists of . 

a. Flowing the feed gas stream, consisting of atmospheric air at a pressure of 14-30 psia and 
temperature of -0-150*F through a bed packed with one or more adsorbents capable of selectively 
adsorbing water, carbon dioxide, and nitrogen from air. 

b. Withdrawing an effluent stream consisting of O2 product at feed pressure. Part of this stream is 
immediately used as repressurization gas for bed on step 7 and the remainder constitutes oxygen 
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product. 

c. Continuing steps 1(a) and 1(b) for a predetermined cycle time or until the concentration of nitrogen 
impurity in the effluent stream reaches a preset limit. The bed is now called "spent* because it has 
exhausted its capacity for removing nitrogen from feed gas. 

2. Cocurrent Depressurization Step (DP1) . which consists of: 

a. Discontinuing the feed flow through the spent bed and transferring the feed to another VSA bed. 

b. Reducing the pressure in the spent VSA bed from the adsorption pressure level to some 
"intermediate- level (11.5-25 psia) by connecting the product end of this bed with the product end of 
the VSA bed on step 5 of its cycle. 

c. Discontinuing the above step when the pressure in the spent VSA bed has reached the 
predetermined intermediate pressure level. 

3. Cocurrent Depressurization Step (DP2) , which consists of: 

a. Further reducing the pressure in the spent VSA bed from "intermediate level" to some "lower 
level" (7.7-21.3 psia) by connecting the product end of this bed with the product end of the VSA bed 
on step 6 of its cycle. 

b. Discontinuing the above step when the pressure in the spent VSA bed has reached the 
predetermined "lower level". Preferably this pressure is the average of bed pressures at the end of 
steps 2 and 5. 

c. Optionally, simultaneous to a. above, initiating countercurrent evacuation of the spent VSA bed. 

4. Countercurrent Evacuation Step (PES) , which consists of: 

a. Further reducing the pressure in the spent bed from lower level to the "lowest" level (1.0-10.0 psia) 
by connecting the feed or the feed and the product ends of the spent VSA bed with a vacuum pump. 

b. Continuing the above step until the pressure in the VSA bed has reached the predetermined lowest 
pressure level. 

5. Countercurrent Purge Step (PU) , which consists of: 

a. Continuing evacuation of the VSA bed from the feed end. 

b. Connecting the product end of this bed with another VSA bed on step 2 of its cycle. 

c. Continuing the above steps until pressure in this bed has reached a "low" level (1.2-20 psia) and 
pressure in the VSA bed on step 2 has reached to the intermediate pressure level. 

6. Pressure Equalization Step (PE) , which consists of: 

a. Discontinuing evacuation of the above bed and start evacuating another VSA bed. This bed is now 
called "regenerated" since its capacity for N2, H2O, and CO2 removal from air has been restored. 

b. Connecting the product end of the regenerated bed with the product end of the bed on step 3 of its 
cycle. 

c. Continuing the above step for a predetermined time or until pressure in bed has reached the 
predetermined lower level. 

7. Repressurization Step , which consists of: 

a. Discontinuing the pressure equalization of regenerated bed. 

A. Product Repressurization (PRP) , which consists of: 

b. Connecting the product end of the pressure equalized regenerated bed with the product end of 
the bed on step 1 of its cycle. 

c. Continuing the above step until pressure in the regenerated bed is close to or equal to the 
predetermined adsorption pressure. 

OR 

B. Simultaneous Product and Ambient Air and/or Feed Repressurization Step (PRP/AARP, and/or 
FRP) , which consists of: 

b. Connecting the product end of the regenerated bed with the product end of the bed on step 1 of 
its cycle and opening the feed end of the regenerated bed to ambient air or connecting the feed 
end of the regenerated bed to feed blower. 

or 

Connecting the product end of the regenerated bed with the product end of the bed on step 1 of its 
cycle and opening the feed end of the regenerated bed to ambient air. 

bi Continuing the above step until pressure in the regenerated bed is close to or equal to 
ambient pressure. 

t>2 Disconnecting the feed end of the regenerated bed from ambient air and connecting it to 
feed blower. 

c. Continuing the above step until pressure in the regenerated bed is equal to the predetermined 
adsorption pressure. 



9 



EP 0 598 321 A1 



OR 

C. Sequential Product and Ambient Air and/or Feed Repressurization Step (PRP/AARP and/or FRP), 

which consists of: ^ 4 . 

b. Connecting the product end of the regenerated bed with the product end of the bed on step 1 of 

its cycle. 

c. Continuing the above step until pressure in the pressure equalized regenerated bed has reached 
the predetermined pressure level, which is lower than the adsorption pressure. 

d. Discontinuing the product repressurization and opening the feed end of the regenerated bed to 
ambient air or connecting it to the feed blower. 



or 



Discontinuing the product repressurization and opening the feed end of the regenerated bed to 

ambient air. . , . . 

dt Continuing the above step until pressure in the regenerated pressure equalized bed is 

close to or equal to ambient pressure. 
d2 Disconnecting the feed end of the regenerated bed from ambient air and connecting it to 
the feed blower. 

e. Continuing the above step until the pressure in the regenerated bed is equal to the predeter- 
mined adsorption pressure. 
OR 

0 sequential Ambient Air and/or Feed and Product Repressurization , which consists of: 

b. Connecting the feed end of the regenerated pressure equalized bed to ambient air or connecting 
it to the feed blower. 

or 

Opening the feed end of the regenerated bed to ambient air. 

bi Continuing the above step until pressure in the regenerated bed is close to or equal to 
ambient pressure. 

bz Disconnecting the feed end of the regenerated bed from ambient air and connecting it to 
the feed blower. 

c. Continuing the above ambient air and/or feed repressurization step until pressure in the 
regeneration bed has reached the predetermined pressure level, which is lower than the adsorption 
pressure. 

d. Discontinuing the ambient air and/or feed repressurization step and connecting the product end 
of the regenerated bed with the product end of the bed on step 1 of its cycle. 

e. Continuing the above step until the pressure in the regenerated bed is equal to the predeter- 
mined adsorption pressure. 

The bed is now ready to undergo a new cycle starting from step 1(a). 
Flow schematic and hardware will be somewhat different for each of the process options of the present 
invention. The drawing depicts a schematic tor the first preferred embodiment with simultaneous repres- 
surization. Table 3 outlines the corresponding valve sequence for a typical cycle time. Detailed process 
description of the cycle at typical operating conditions for the process option described in the drawing and 
Tables 1 and 3 is given below: 

Ambient air compressed to feed pressure (21 psia) by a feed blower enters through manifold 100 into 
first Bed A, which has been already pressurized to adsorption pressure via open valve 1. The Bed is 
packed with adsorbent(s) selective for the removal of water, carbon dioxide, and nitrogen from air. Oxygen 
products withdrawn via open valve 11 and manifold 104. Feed flow is switched to Bed B via open valve 4 
after a predetermined time or as soon as nitrogen concentration in the effluent from Bed A reaches a preset 
limit or the adsorption front approaches the bed outlet. Pressure in Bed A is reduced by opening valve 10 
and connecting Bed A with Bed C via manifold 105 and open valve 18. Bed C is being evacuated via open 
valve 8 and manifold 102. Valves 10, 18 and 8 are kept open for a predetermined time or until pressure in 
Bed A reaches 13.5 psia. Valve 10 is now closed and Bed A is evacuated via open valve 2 and manifold 
102 Valves 12 and 13 are opened at the end of the feed step in Bed B and reaching of evacuation level 
pressure -4 psia in Bed A. Valves 2, 12 and 13 are kept open for a predetermined time or until pressure in 
Bed A reaches 6 psia to vacuum purge Bed A through manifold 106. Valves 2 and 12 are then closed and 
valves 3 and 10 are opened for simultaneous ambient feed air and product repressurization through 
manifolds 103 and 105, respectively. Valve 3 is kept open until pressure in Bed A reaches -13.5 psia. At 
this time valve 3 is closed and valve 1 is opened. Bed A is now pressurized up to adsorption pressure -21 
psia with high pressure feed air in manifold 100. Valve 10 is then closed and valve 11 is opened to remove 
product oxygen through manifold 104. Bed A is now ready to start a new cycle. Each bed goes through a 
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similar sequence of operation. Valve 19 is open during product repressurization. Valve 20 is open during 
purging. 

TABLE 3 

5 

V*1vp Sequence: 3 Bed Qo VSA 
Valve # -> 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

70 LLflg (sec) 



75 



20 



0-10 
10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70-80 
80-90 



o 
o 



o 
o 

0 



0 
0 
0 
0 



0 
0 
0 



0 
0 
0 



0 
0 



0 
0 



0 
0 
0 
0 



0 
0 
0 



0 

o 



0 
0 



0 
0 

o 



o = open, otherwise closed 



Table 4 outlines valve sequence for the second preferred embodiment with product repressurization. 
25 Valve numbers refer to the drawing and the cycle is outlined in Table 2. Neither valve 19 or 20 are opened 
in this embodiment. 



30 



TABLE 4 

valvP Sequence: 3 Bed OoJtSA 



Valve # 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 



35 



40 



45 



Tig? ($qc) 

0-5 

5-10 
10-30 
30-35 
35-40 
40-60 
60-65 
65-70 
70-90 



o 
o 

0 



o 
o 



0 
0 
0 



0 

o 

0 



0 
0 



0 
0 
0 



0 
0 
0 

0 

o 

0 



o 

0 
0 



0 
0 
0 



0 
0 
0 



0 

o 

0 



0 
0 

0 

o 

0 



50 



o = open, otherwise closed 

* = These valves and corresponding headers 
are not used in this option. 



55 



EXAMPLE 

Both preferred embodiments were tested in a process development unit (PDU) containing three. 8 , x4 M 
vessels. These vessels were packed with two types of adsorbents. Zeolite Na-X to remove water and 
carbon dioxide from ambient air was packed towards the feed end of these columns, and a N2/O2 selective 
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Ca-A type zeolitic material was packed towards the product end of these vessels. Oxygen product purity of 
93% was achieved. 

Table 5 below compares the performance of the first preferred embodiment with a comparison process 
in which repressurization is carried out entirely by product oxygen. It is observed that the first preferred 
5 embodiment of the present invention requires less adsorbent per unit of oxygen product and results in 
higher oxygen recovery: 

TABLE 5 





Prior Art 
(U.K. Patent GB 2,109,266B) 


Present Invention 
(First Embodiment) 


% O2 Recovery 

lb Adsorbent/lbmole O2 Product 


53 
1 


63 
0.84 



75 

Table 6 below compares the performance of the second preferred embodiment with a comparative 
process in which pressure equalization is not carried out. It is observed that the second preferred 
embodiment of the present invention requires more adsorbent per unit of oxygen product, but results in 
higher oxygen recovery: 

20 

TABLE 6 





Prior Art 
(U.K. Patent GB 2.109.266B) 


Present Invention 
(Second Embodiment) 


% O2 Recovery 

lb Adsorbent/lbmole O2 Product 


57 
1 


62 
1.06 



30 tt should be appreciated that exact operating conditions and adsorbents for the first and second preferred 
embodiment of the present are somewhat different. 

It is also possible to perform the first (T able 7) and second (Table 8) embodiments in a 2-bed format 
with each bed experiencing the same series of cycle steps. The inter-relationship of the steps occurring in 
each bed does change, as set forth below, and cocurrent depressurization to pressure equalize while 

35 simultaneously countercurrently venting is still an option in the second embodiment. 
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TABU 7 
Two Bed O o VSA 



5 Mi 



TO 



A | a IDPI I D£S 1 EiU RP I 

B | hfs | pii I RP I A IPP1 tPES I 



A - Adsorption (Feed) 

75 DPI - First Cocurrent Depressurization to Provide Purge 

DES - Countercurrent Evacuation 

PU - Countercurrent Vacuum Purge nf . „ 

RP - Repressurize Under One of Plurality of Options Set Forth for Other 

Embodiments 



20 



25 



30 



Bed # 



TABIE 8 

Two Bed 0 2 VSA 

W | hp? | DES 1 PU | PE 1 RP 1 



nFS I PU | PP | RP ) A 10P1 1 PP2 IDES 



A - Adsorption (Feed) 
35 DPI - First Cocurrent Depressurization to Provide Purge 

DP2 - Second Cocurrent Depressurization to Provide Pressure Equalization 

and Optionally Simultaneously Initiation of Countercurrent 

Evacuation 
DES - Countercurrent Evacuation 

PU - Countercurrent Vacuum Purge . Aur 

RP - Repressurize Under One of Plurality of Options Set Forth for Other 
Embodiments 



40 



It is further possible to perform the first or second embodiment in a format having at least four beds 
45 wherein at least two beds are on feed or adsorption per recited step (a). An exemplary cycle is set forth in 
Table 9, below. 



50 
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TABLE 9 

Four Bed O o VSA 



A J A | nP | EVAC I PU j RP | 

B | PU | RP I L I OP I EVAC I 

C I PP | EVAC I PU l RP I A 1 

D | A | nP | FVAC | PU I RP I fi 1 

A - Adsorption (Feed) 

DPI - First Cocurrent Depressurization to Provide Purge 

EVAC - Countercurrent Evacuation 

PU - Countercurrent Vacuum Purge 

RP - Repressurize Under One of Plurality of Options Set Forth for Other 
Embodiments 



The embodiment with multiple beds on feed can be carried out with a pressure equalization step 
following the purge step wherein equalization gas is supplied from a bed then undergoing cocurrent 
depressurization. Cocurrent depressurization with simultaneous countercurrent evacuation is also possible. 

25 Using five or six beds, it is possible to have three beds simultaneously undergoing some portion of the step 
(a) feed or adsorption step. 

Any adsorbent(s) which can selectively remove water, carbon dioxide, and nitrogen from air can be 
used. Examples of adsorbents capable of removing nitrogen from air include zeolitic molecular sieves such 
as NaX, NaA, CaX, CaA and other adsorbents with binary cations. Examples of adsorbents capable of 

30 removing water and carbon dioxide from air are aluminas, silica gels and zeolites. Other desired properties 
of the adsorbents are (i) high crush strength, (ii) high attrition resistance, (iii) large bulk density, (iv) low 
interpartical void, (v) high heat capacity, (vi) large thermal conductivity; (vii) high N2/O2 selectivity, (viii) low 
oxygen capacity and (ix) small particle size. Pressure drop through the adsorbent beds during adsorption 
and evacuation steps is also important for adsorbent selection. 

35 Experiments with three bed O2 VSA cycles show that the order of magnitude of total product from a 
bed on adsorption step is about ten times the net oxygen product. The remainder of the total product gas 
not withdrawn as net product is required for product repressurization. Therefore, if one can reduce the 
quantity of product gas being used as the repressurization gas, the net product gas quantity will increase, 
improving the efficiency of the process. 

40 One way the first embodiment achieves this is to use the feed gas for repressurization. However, total 
feed repressurization is not advisable since (1) it results in spreading of the N2 front during the adsorption 
step and (2) water, carbon dioxide removal becomes less efficient. To eliminate these problems, partial feed 
and a partial product repressurization are employed. Another key of the present invention is realized by 
observing that the bed ready to be repressurized is at pressure lower than ambient; therefore, it can be 

45 repressurized by feed air by simply opening the inlet valve to atmosphere. This reduces blower power 
consumption otherwise used for feed repressurization. Repressurization only up to and adsorption at 
ambient pressure is not efficient for the operation of three bed O2 VSA units. Therefore, ambient air 
repressurization is followed by feed air or product repressurization. 

Another method to reduce the quantity of product gas required for repressurization is by the appropriate 

50 use of pressure equalization steps (second embodiment). However, the prior art teaches that one should 
first depressurize the high pressure bed for pressure equalization and then depressurize it for providing the 
purge gas. Unexpectedly, it has been determined that for this cycle the reverse, i.e., first depressurization to 
provide purge followed by second depressurization to pressure equalize, is more efficient. 

The present invention has been set forth with regard to several illustrative preferred embodiments, but 

55 the full scope of the present invention should be ascertained from the claims below. 
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Claims 

1. A process for selectively separating a more strongly adsorbable component from a less strongly 
adsorbable component of a feed gas mixture in a plurality of adsorption beds containing an adsorbent 

5 selective for the more strongly adsorbable component, comprising the steps of: 

(a) introducing a feed gas mixture at high pressure containing said more strongly adsorbable 
component and said less strongly adsorbable component into an inlet of a first adsorption bed 
containing said adsorbent selective for the more strongly adsorbable component and adsorbing the 
more strongly adsorbable component on the adsorbent while the less strongly adsorbable compo- 

70 nent passes through said first bed unadsorbed until the adsorption front of the more strongly 

adsorbable component approaches an outlet of said first bed and terminating the introduction of the 
feed gas mixture; 

(b) following the termination of the introduction of the feed gas mixture into said first bed and without 
any intervening steps, cocurrently depressurizing said first bed to a lower pressure to remove said 

75 gas mixture from said first bed and passing said gas mixture to an outlet of another bed of said 

plurality of adsorption beds at lower pressure to countercurrently purge said more strongly adsorb- 
able component from said other bed; 

(c) countercurrently evacuating said first bed under vacuum conditions to further remove said more 
strongly adsorbable component at the lowest pressure; 

20 (d) countercurrently purging said first bed with cocurrently depressurizing gas mixture from another 

bed of said plurality of adsorption beds undergoing step (b) to remove additional more strongly 
adsorbable component from said first bed; 

(e) repressurizing said first bed with less strongly adsorbable component from another bed of said 
plurality of adsorption beds currently undergoing step (a) and with feed gas mixture; and 
2 5 (f) performing steps (a) through (e) in each of said plurality of adsorption beds in a phased 

sequence. 

2. The process of Claim 1 wherein said bed is repressurized initially with feed gas mixture and then with 
said less strongly adsorbable component. 

30 

3. The process of Claim 1 wherein said bed is repressurized with ambient pressure feed gas mixture and 
high pressure feed gas mixture. 

4. The process of Claim 1 wherein said bed is repressurized initially with ambient pressure feed gas 
35 mixture and then with said less strongly adsorbable component. 

5. The process of Claim 3 wherein said bed is repressurized initially with ambient pressure feed gas 
mixture, then with high pressure feed gas mixture and finally with said less strongly adsorbable 
component. 

40 

6. The process of Claim 1 wherein said bed is repressurized initially with said less strongly adsorbable 
component and then with feed gas mixture. 

7. The process of Claim 1 wherein said bed is repressurized initially with said less strongly adsorbable 
45 component then with ambient pressure feed gas mixture. 

8. The process of Claim 1 wherein said bed is repressurized initially with said less strongly adsorbable 
component then with ambient pressure feed gas mixture and then with high pressure feed gas mixture. 

50 9. The process of Claim 1 wherein said bed is repressurized with said less strongly adsorbable 
component and said feed gas mixture simultaneously. 

10. The process of Claim 9 wherein said bed is repressurized with said less strongly adsorbable 
component and ambient pressure feed gas mixture simultaneously. 

55 

11. The process of Claim 9 wherein said bed is repressurized with said less strongly adsorbable 
component and high pressure feed gas mixture simultaneously. 
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12. The process of Claim 1 wherein said feed gas mixture is air, said more strongly adsorbable component 
is nitrogen and said less strongly adsorbable component is oxygen. 

13. The process of Claim 1 wherein a bed finishing cocurrent depressurization is then further cocurrent 
depressurized to pressure equalize with another bed of said plurality of adsorption beds finishing 
countercurrent purge. 

14. The process of Claim 1 wherein the process is carried out in two beds. 

15. The process of Claim 1 wherein the process is carried out in at least four beds and at least two beds 
are simultaneously in a portion of step (a). 

16. A process for selectively separating a more strongly adsorbable component from a less strongly 
adsorbable component of a feed gas mixture in a plurality of adsorption beds containing an adsorbent 
selective for the more strongly adsorbable component, comprising the steps of: 

(a) introducing a feed gas mixture at high pressure containing said more strongly adsorbable 
component and said less strongly adsorbable component into an inlet of a first adsorption bed 
containing said adsorbent selective for the more strongly adsorbable component and adsorbing the 
more strongly adsorbable component on the adsorbent while the less strongly adsorbable compo- 
nent passes through said first bed unadsorbed until the adsorption front of the more strongly 
adsorbable component approaches an outlet of said first bed and terminating the introduction of the 
feed gas mixture; 

(b) following the termination of the introduction of the feed gas mixture into said first bed and without 
any intervening steps, cocurrently depressurizing said first bed to a lower pressure to remove said 
gas mixture from said first bed and passing said gas mixture to an outlet of a second bed of said 
plurality of adsorption beds at lower pressure to countercurrently purge said more strongly adsorb- 
able component from said second bed; 

(c) cocurrently depressurizing said first bed to further remove said gas mixture from said first bed 
and to pressure equalize said first bed with another bed of said plurality of adsorption beds finishing 
countercurrent purge of step (e); 

(d) countercurrently evacuating said first bed under vacuum conditions to further remove said more 
strongly adsorbable component at a lowest pressure; 

(e) countercurrently purging said first bed with cocurrently depressurizing gas mixture from another 
bed of said plurality of adsorption beds undergoing step (b) to remove additional more strongly 
adsorbable component from said first bed; 

(f) countercurrently pressure equalizing said first bed with another bed of said plurality of adsorption 
beds at higher pressure undergoing said cocurrent depressurization of step (c); 

(g) repressurizing said first bed with less strongly adsorbable component from another bed of said 
plurality of adsorption beds currently undergoing step (a) and with feed gas mixture; and 

(h) performing steps (a) through (g) in each of said plurality of adsorption beds in a phased 
sequence. 

17. The process of Claim 16 wherein said bed is repressurized initially with feed gas mixture and then with 
said less strongly adsorbable component. 

18. The process of Claim 16 wherein said bed is repressurized with ambient pressure feed gas mixture and 
high pressure feed gas mixture. 

19. The process of Claim 16 wherein said bed is repressurized initially with ambient pressure feed gas 
mixture and then with said less strongly adsorbable component. 

20. The process of Claim 16 wherein said first bed is repressurized initially with ambient pressure feed gas 
mixture, then with high pressure feed gas mixture and finally with said less strongly adsorbable 
component. 

21. The process of Claim 16 wherein said first bed is repressurized initially with said less strongly 
adsorbable component and then with feed gas mixture. 
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22. The process of Claim 16 wherein said bed is repressurized initially with said less strongly adsorbable 
component then with ambient pressure feed gas mixture. 

2i The process of Claim 16 wherein said bed is repressurized initially with said less strongly adsorbable 
5 component then with ambient pressure feed gas mixture and then with high pressure feed gas mixture. 

24. The process of Claim 16 wherein said first bed is repressurized with said less strongly adsorbable 
component and said feed gas mixture simultaneously. 

70 25. The process of Claim 16 wherein said feed gas mixture is air, said more strongly adsorbable 
component is nitrogen and said less strongly adsorbable component is oxygen. 

26. The process of Claim 16 wherein during step (c) cocurrent depressurization to pressure equalize with 
another bed, simultaneously initiating countercurrent evacuation of said first bed. 

75 

27. The process of Claim 16 wherein the process is carried out in two beds. 

2a The process of Claim 16 wherein the process is carried out in at least four beds and at least two beds 
are simultaneously in a portion of step (a). 

29. A process for selectively separating nitrogen from oxygen in air in three adsorption beds containing an 
adsorbent selective for nitrogen, comprising the steps of: 

(a) introducing feed air at high pressure into an inlet of a first adsorption bed containing said 
adsorbent selective for nitrogen and adsorbing nitrogen on the adsorbent while oxygen passes 
through said first bed unadsorbed as a product until the adsorption front of nitrogen approaches an 
outlet of said first bed and terminating the introduction of air into said first bed; 

(b) following the termination of the introduction of air into said first bed and without any intervening 
steps, cocurrently depressurizing said first bed to remove void space gas and nitrogen from said 
first bed and passing said void space gas and nitrogen to an outlet of another bed of said three 
adsorption beds at lower pressure to countercurrently purge said nitrogen from said other bed; 

(c) cocurrently depressurizing said first bed to further remove said void space gas and nitrogen from 
said first bed and to pressure equalize said first bed with another bed of said three adsorption beds 
finishing said countercurrent purge of step (e); 

(d) countercurrently evacuating said first bed under vacuum conditions to further remove said void 
space gas and nitrogen at a lowest pressure; 

(e) countercurrently purging said first bed with cocurrently depressurizing void space gas and 
nitrogen from another bed of said three adsorption beds undergoing step (b) to remove additional 
nitrogen from said first bed; 

(f) countercurrently pressure equalizing said first bed with another bed of said three adsorption beds 
at higher pressure undergoing said cocurrent depressurization of step (c); 

(g) repressurizing said first bed with oxygen from another bed of said three adsorption beds 
currently undergoing step (a) and with feed air; and 

(h) performing steps (a) through (g) in each of said three adsorption beds in a phased sequence. 

45 30. The process of Claim 29 wherein said bed is repressurized initially with feed air and then with said less 
strongly adsorbable component. 

31. The process of Claim 29 wherein said bed is additionally repressurized with ambient pressure feed air. 

so 32. The process of Claim 29 wherein said bed is repressurized initially with ambient pressure feed gas 
mixture and then with said less strongly adsorbable component. 

3a The process of Claim 29 wherein said bed is repressurized initially with ambient pressure feed air, then 
with high pressure feed air and finally with oxygen. 

55 

34. The process of Claim 29 wherein said bed is repressurized initially with oxygen and then with feed air. 
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35. The process of Claim 29 wherein said bed is repressurized initially with oxygen and then with ambient 
pressure feed air. 

36- The process of Claim 29 wherein said bed is repressurized initially with oxygen then with ambient 
5 pressure feed air and then with high pressure feed air. 

37. The process of Claim 29 wherein said bed is repressurized with oxygen and said feed air simulta- 
neously. 

io 38. The process of Claim 29 wherein said feed air is at a pressure in the range of approximately 14-30 
psia. 

39. The process of Claim 29 wherein said feed air is at a pressure in the range of approximately 14-24 
psia. 

75 

40. The process of Claim 29 wherein at the end of said evacuation said bed is at a pressure in the range of 
approximately 1-10 psia. 

41. The process of Claim 29 wherein said bed is repressurized with oxygen and ambient pressure feed air 
20 simultaneously. 

42. The process of Claim 29 wherein said bed is repressurized with oxygen and high pressure feed air 
simultaneously. 

25 43. The process of Claim 29 wherein during step (c) cocurrent depressurization to pressure equalize with 
another bed, simultaneously initiating countercurrent evacuation of said first bed. 

44. The process of Claim 29 wherein the process is carried out in two beds. 

30 45. The process of Claim 29 wherein the process is carried out in at least four beds and at least two beds 
are simultaneously in a portion of step (a). 



35 



40 



45 



50 



55 



18 



EP 0 598 321 A1 




CM 



-r>j~ 




rO 



CM 



19 



Eur0pC * D P * tort EUROPEAN SEARCH REPORT A * ia *°° 

Offlce EP 93 11 8220 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Cfcatiaa af < "^^^^^^|" B ' •PP ro »™ te « 


Kctevant 
to dan 


CLASSIFICATION OP THE 
APPLICATION (nt-CLS) 


D.Y 


US-A-4 650 501 (UNION CARBIDE) 
* the whole document * 


1-45 


C01B13/02 
B01D53/04 


Y 


EP-A-0 398 339 (AIR PRODUCTS AND 
CHEMICALS) 

* the whole document * 


1-45 




P.A 


US-A-5 174 796 (UOP) 29 December 1992 
* the whole document * 


1-45 




A 


EP-A-0 194 334 (UNION CARBIDE) 
* the whole document * 


1-45 




A 


GB-A-2 155 805 (OSAKA SANSO K0GY0) 
* the whole document * 


1-45 




A 


US-A-4 077 780 (UNION CARBIDE) 
* the whole document * 


1-45 










TECHNICAL FIELDS 
SEARCHED 0BLCL5) 








B0 ID 
C01B 


The present torch report has beca *iin up for bU claims 







THE HAGUE 



25 February 1994 



Bogaerts, M 



CATEGORY OF CITED DOCUMENTS 



X : oortkataity rafovwt If tmkm 
V : portkmlmrfy rafav&nt If cmottooi *tt4 
I oftmt 

A: 
O: 
P: 



T : theory or prtodolo nmimty&t to*eatioB 
E : ovlier potont •ocnrnme, feat pabBsM on, or 

■fur tho flltef tote 
D : toaoMBt dteri i* tho 




rof thos 



